Many plants may accumulate rainwater, forming phytotelmata, aquatic microhabitats inhabited by various organisms. The aim of this study was to conduct an inventory of heterotrophic flagellates associated with phytotelmata of the bromeliad Aechmea distichantha Lem., found in rocky cliffs on the Upper Paraná River. The bromeliads were removed manually from the rocky wall, the water was removed and cultures of organisms of each plant were mounted in Petri dishes. Sixteen species of heterotrophic flagellate were recorded, drawn and described, among them one species belonging to the Amorpha Domain and 15 species to the Diaphoretiches Domain. The groups with most species were Euglenida and Kinetoplastea. The low diversity of heterotrophic flagellates recorded in this study, compared to the plankton of lakes and reservoirs, is probably related to the fact that phytotelmata are habitats with extreme environmental conditions, thus selecting organisms tolerant to these environments.
Introduction
Many plant species can accumulate rainwater through their outer surfaces, forming small aquatic habitats where associated organisms can live (Srivastava et al., 2004;  fruit peel, to tree holes. They are common in pluvial forests, possibly due to the wide variety of microclimatic conditions, enormous variety of plant species and high humidity in tropical regions (Greeney, 2001; Kitching, 2004; Araújo et al., 2004) .
Two species of bromeliads that form tanks capable of collecting and storing rainwater are found in the floodplain of the upper Paraná River, namely, Aechmea distichantha Lem. and Aechmea bromeliifolia (Rudge) Baker, of which the former is most abundant (Duarte et al., 2013; Buosi et al., 2014) . A. distichantha is a terrestrial or facultative epiphyte, occurring in deciduous or semi-deciduous forests with wide distribution in South America, found in forests of southern Brazil, Bolivia, Paraguay, Uruguay and northern Argentina (Smith and Downs, 1979) . Its leaves are pungent, may measure from 30 to 100 centimeters, and the specimens that are exposed to the sun can present leaves that are more extensive and tank-forming, supporting larger amounts of water (Cavallero et al., 2009) .
The microhabitat created by the accumulation of water in foliar structures can be considered an "isolated limnological environment", harboring numerous species (Mestre et al., 2001) , where this associated community offers nutrients to the plants, thus living in a relationship (Romero et al., 2006; Omena and Romero, 2008) . Due to their size and defined boundaries, these plants can be considered as microcosms (Richardson, 1999) , with examples known for studies of ecological interactions (Maguire Junior, 1971 ). These interactions exist through the variety of organisms that colonize plants, such as protists, invertebrates and vertebrates (Juncá and Borges, 2002; Buosi et al., 2014) , which adapt to changes in the chemical composition of water and nutrient supply (Kitching, 2001) .
Among the free-living protists of phytotelmata, the most important are flagellates, organisms of great importance in microbial food chains. Among them, heterotrophs are small in size, have a high metabolic rate (Fenchel, 1982) , and are involved in the rapid remineralization of nutrients (Weisse, 1991) . They are also major consumers of bacterial biomass (Schmidt-Halewicz, 1994; Simek et al., 1999) , and can feed on viruses, dissolved organic carbon (Gasol et al., 1995) and cyanobacteria (Pernthaler et al., 1996) . On the other hand, they may be prey to ciliates (Weisse, 1991; Berninger et al., 1993; Debastiani et al., 2016) , copepods and cladocerans (Burns and Schallenberg, 2001) .
According to Biyu (2000) , the main factors in regulating protozoan populations are the quality and quantity of food, available habitats, temperature and predation, and feeding is probably the most relevant factor. Thus, flagellates actively participate in the microbial link directly affecting other organisms in aquatic food webs (Corliss, 2001) .
In Brazil, studies involving protists, including the heterotrophic flagellate are still incipient (Pauleto et al. 2009; Camargo and Velho, 2010; Lansac-Toha et al., 2016) , mainly due to methodological difficulties (Gomes and Godinho, 2003) , the high cost of acquiring new equipment and the scarcity of taxonomists in this group (César and Abreu, 2001) . In this context, the objective of this work was to conduct an inventory of the heterotrophic flagellates associated with the phytotelmata of bromeliads found in rocky walls of a stretch of the upper Paraná River.
Material and Methods

Study site
The study was carried out in the upper Paraná River basin, located between the mouth of the Paranapanema River and the mouth of the Ivinhema River, approximately 200 km upstream from Itaipu reservoir (Figure 1) , in the last stretch of the river free of the dam in Brazilian territory (Takeda et al., 2002; Fernandes et al., 2009) . The samples were collected on the left bank of the Paraná River, near the Advanced Research Base of Nupélia/UEM, located in the municipality of Porto Rico, State of Paraná. The region has an asymmetry between the two sides of the valley, with the left bank higher than the right bank, with walls formed by sedimentary rocks from the Cretaceous Period and sparse areas (Souza Filho and Stevaux, 2004) . These walls allow epiphytes to establish themselves, among them bromeliads.
Sampling
The samples were collected from individuals of the species Aechmea distichantha, selected for their abundance on the rocky walls of the left bank of the Paraná River. The bromeliads were removed manually from the cliff-wall and then placed in plastic bags to keep the water present in the tanks. They were then transported to the Advanced Research Base of Nupélia in the municipality of Porto Rico, Paraná. In the laboratory, the water was removed from the tanks of each plant, which were also soon washed with distilled water, aiming at the removal of all organisms present in their tanks (Figures 2, 3 ).
Laboratory analysis
In the laboratory, cultures of the organisms were mounted on Petri dishes from aliquots of the live samples, where some crushed rice grains were added. Rice promotes the growth of bacteria and, therefore, the populations of heterotrophic flagellates, which were observed in vivo under a 1000X magnification Olympus BX51 optical microscope, equipped with differential interference contrast (DIC) system, for better visualization of flagellates. Films and photographs were taken for later identification of organisms.
The taxonomic framework followed for the classification of species identified in this study was according to the work of Adl et al. (2019) , which adopts two Domains, Amorphea and Diaphoretiches. After identifying the species, the photos were used to make the schematic drawings, using the program Coreldraw X6.
The reference specimens were deposited at the Protoplankton Laboratory of the Núcleo de Pesquisas em Limnologia, Ictiologia e Aquicultura (Nupélia), State University of Maringá, Paraná, Brazil.
Results
Sixteen species of heterotrophic flagellate were recorded, one species belonging to the Amorphea Domain, and 15 species to the Diaphoretiches Domain. The most species-rich groups were Euglenida and Kinetoplastea, with four species registered in each one. Identification. Ovate cell, with 6 μm in width and 10 μm in length; 25 μm measured from the tip of the flagella at the distal end of the stem. Anterior end of the cell with 20 to 25 tentacles, almost equal in length, forming a ring that surrounds the single flagellum. The body of the cell and the base of the tentacles are closely lined by a delicate membranous sheath, which is subsequently tapered to form the stem or peduncle that connects the cell to the substrate.
Comments. This species was previously recorded in samples of plankton in the State of Rio de Janeiro (Cunha, 1913) Comments. The loric size found in this study is within the range of 17 to 25 μm (see Tong et al., 1997) . This species was previously recorded in freshwater environments of the Northern Hemisphere (Picken, 1941; Tong et al., 1997 New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Cell with about 10 μm in length and 5 μm in width. Presence of a short flagellum 5 μm long and another flagellum around the length of the cell, attached to the substrate, and extending from the back of the cell. Pellicle coated with a layer of delicate spicules. Presence of several contractile vacuoles, digestive vacuoles and vacuoles with storage product.
Comments. Species with wide distribution in marine and freshwater environments (Preisig and Hibberd, 1982; Tong et al., 1997) .
•Cryptista Adl et al., 2019 ••Cryptophyceae Pascher, 1913 Chilomonas paramecium Ehrenberg, 1831 ( Figure 7 ) Castro et al., 1991, p. 20, figs. 72-74; Lee et al., 2005, p. 328, fig. 3 B; Castro and Bicudo, 2007, p. 123, figs. 17-22. New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Rigid and elongated cell, with 20 μm in length and 8 μm in width. In lateral view, the dorsal anterior part of the cell is more prominent. Presence of two flagella that emerge from the apical part of the cell, with about 10 μm each. Two Maupa corpuscles of different sizes, located ventrally. Swiveling movement while swimming.
Comments. A species widely distributed in marine and freshwater environments (Lee et al., 2005) and commonly found in environments rich in organic matter (Arndt et al., 2000) . Recorded in Brazil, in continental aquatic environments, in the States of Santa Catarina, São Paulo, Rio de Janeiro, Minas Gerais, Ceará, Piauí and Mato Grosso do Sul (see Cunha, 1913; Castro et al., 1991; Castro and Bicudo, 2007; Lansac-Tôha et al., 2016) .
Goniomonas truncata (Fresenius, 1858) Stein, 1878 ( Figure 8 ) Ekelund and Patterson, 1997, p. 463, fig. 1F; Lee et al., 2005, p. 325, figs.1 J and 3 J; Castro and Bicudo, 2007, p. 125, fig. 140-143. New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Oval cell, with flat anterior margin, 15 μm in length and 10 μm in width. Striated pellicle, with globular or navicular ejectisomes, circling apically the anterior pole. Presence of two subapical flagella similar in size to cell length.
Comments. Common species in continental aquatic environments. It can be distinguished from G. amphinema and G. pacifica because of its larger size (Lee et al., 2005) . In Brazil, there are records for the states of Santa Catarina, São Paulo, Rio de Janeiro, Minas Gerais, Ceará and Mato Grosso do Sul, in freshwater samples (see Cunha, 1913; Castro et al., 1991; Castro and Bicudo, 2007; Lansac-Tôha et al., 2016) .
• Comments. The shape of the cell can be very varied (triangular, oval or rounded) and the size of the cell may have a large variation (10-30 μm). Species registered in marine and freshwater environments of the Northern and Southern Hemispheres (see Schroeckh et al., 2003) . In Brazil, it was recorded in Rio de Janeiro in marine benthic samples (Larsen and Patterson, 1990) . Comments. The species of the genus Ploeotia resemble the genus Entosiphon in relation to the cellular contour, number and length of the flagella, appearance of the siphon and movement. However, Ploeotia is distinguished from Entosiphon by presenting a non-projectable siphon. Ploeotia obliqua found in this study has measurements of length and width similar to the original description. This species was originally described as Entosiphon obliquum Klebs, 1893. It was transferred to the genus Ploeotia by presenting the siphon with pumping motion, which is not observed in Entosiphon. It has a wide geographical distribution (Schroeckh et al., 2003) . This species was Comments. This species presents a wide geographical distribution in freshwater environments (Schroeckh et al., 2003) • fig. 4 B. New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Elliptical cell, 7 μm in length and 5 μm in width. Two unequal flagella inserted into a small flagellar pocket originating from a rostral region in the apical part of the cell. The anterior flagellum is almost the same length as the cell, and the posterior flagellum is about 25 μm. Swift rotating motion while swimming, with the anterior flagellum wrapped around the cell.
Comments. This species was recently classified in the genus Neobodo, through molecular sequencing studies (18S rRNA), by Moreira et al. (2004) . It presents records in marine and freshwater environments in various parts of the world (see Lee et al., 2005) . In Brazil, it was recorded in marine benthic samples in the State of Rio de Janeiro, as Bodo designis (Larsen and Patterson, 1990) and in in samples of plankton in lagoons of the high Paraná River floodplain, State of Mato Grosso do Sul (Lansac-Tôha et al., 2016) .
Rhynchobodo simius Patterson and Simpson, 1996 (Figure 15 New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Fusiform cell, about 10 μm in length and 5 μm in width. Apical part of the cell with an opening (rostrum) at the end from which emerge two flagella, the former slightly larger than the size of the cell and the posterior about three times larger. A large posterior feeding vacuole may occur.
Comments. Most common species in marine environments, in which it was originally described (Patterson and Simpson, 1996) , being less frequent in freshwater environments.
Dimastigella trypaniformis Sandon, 1928 (Figure 16 ) Tong et al., 1997, p. 528, figs. 6 J and 7 F-J.; Tong et al., 1998, p. 176, figs. 5 F and 6 H; Jeuck and Arndt, 2013, p. 853, pl. 10 . New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Elongated fusiform cell, with granules, about 5 μm in length and 3 μm in width. Presence of two flagella inserted apically, the former almost the size of the cell, swims actively, the posterior drag, adjacent along the entire length of the body with about twice the cell size.
Comments. The species presented smaller cellular dimensions than those recorded by Tong et al. (1998) . It presents records in aquatic environments, soils and even in termite stomachs (Tong et al., 1998; Jeuck and Arndt, 2013) . Patterson and Simpson, 1996 p. 424, figs. 1 D-G and 2 E; Tong et al., 1997, p. 94, fig. 3 C; Al-Qassab et al., 2002, p. 97, figs., 1 K and 2 I; Lee et al., 2005, p. 325, figs. 1 D and 3 A. Records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Elongated and elliptical cell, about 6 μm in length and 4 μm in width. Two flagella emerge from a sub apical depression, the former curved and sometimes adjacent to the body, with about 5 μm; the posterior also curved, often attached to the substrate, about 25 μm. During locomotion, the cell moves by jumps through the posterior flagella, this movement being characteristic of the species.
Comments. This species is easily identified in live samples by its characteristic movement. Common in freshwater environments, but has also been recorded in salty to hyper-saline environments (see Lee et al., 2005) . In Brazil, it was recorded in plankton samples in the State of Rio de Janeiro (Cunha, 1913) ; in marine benthic samples from the State of Rio de Janeiro (Larsen and Patterson, 1990) ; in samples of bromeliads of rocky shores of the Paraná River, State of Paraná (Duarte et al., 2013) ; •Ancyromonadida Cavalier -Smith, 1998 [= Phanomonadida Cavalier-Smith, 2008 Ancyromonas sigmoides Kent, 1880 ( Figure 18 ) Al-Qassab et al., 2002, p. 138, figs. 17 S and 18; Heiss et al., 2011, p. 375, fig. 1 .
New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Oval kidney-shaped cell, dorsoventrally depressed, about 4 μm in length and 3 μm in width. Presence of two flagella inserted in a dorsal depression, one smaller with about half of the cell and the other with approximately double the cell length.
Comments. This species was originally described in marine environments; however, it has also been recorded in continental aquatic environments (Heiss et al., 2011) . This species was previously recorded in samples of plankton in lagoons of the high Paraná River, State of Mato Grosso do Sul (Lansac-Tôha et al., 2016) .
Nutomonas limna Glucksman et al., 2013 (Figure 19) Glucksman et al., 2013 fig. 7 A, B , Y, Z. New records. Brazil: Paraná State: Porto Rico municipality: Paraná River, station 1 (22º45'53" S, 53º15'27" W); station 2 (22º43'11" S, 53º10'46" W), Fernando Miranda Lansac-Tôha, 04.VII.2013.
Identification. Bean-shaped cell, approximately 4 μm, with a rostrum, in which is inserted a single flagellum, slightly larger than the cell size. Swimming through the flagella, pushing the cell to perform movements of approximately 45º from one side to another.
Comments. Glüksman et al. (2013) reviewed the genera Planomonas and Ancyromonas describing some species of the same that were included in two new genera, Fabomonas, marine, and Nutomonas, of fresh water, among them Nutomonas limna. The distinction between the species of Nutomonas was made by the small size of this species and the great prominence of its face.
Discussion
The number of heterotrophic flagellate species identified in this study (16 species) is rather lower than other taxonomic studies performed with these protists, such as that of Schroeckh et al. (2003) , who described 36 species and Ekebom et al. (1996) , who described 37 species. Perhaps the smaller diversity found in bromeliads is due to the limited microcosm that is the phytotelma, in addition to the fact that it is still little explored by researchers, requiring more in-depth studies to better understand the environment.
The bromeliad microcosm is an environment with extreme conditions, with an excess of organic matter, thus selecting organisms that are tolerant to these environments. Therefore, colorless euglenids are normally abundant in eutrophic aquatic environments, feeding on both bacteria and organic solutes (Sanders, 1991) . This is one of the first works to focus on the taxonomy of flagellates in Brazil, since these protists are still very little known in continental Brazilian aquatic environments, and in particular, the heterotrophic flagellates associated with phytotelmata. 
